Introduction
Foxp3 + Tregs are a unique subset of CD4 + T cells responsible for self-tolerance and for the prevention of autoimmune disease 1 . Adoptive Treg infusion has been suggested as a potential therapy for the prevention of Graft versus Host Disease (GVHD) following stem cell transplantation, organ allograft rejection, and for the treatment of autoimmune diseases such as type I diabetes and multiple sclerosis 2, 3 . Adoptive transfer of Foxp3 + Tregs in mouse models has been shown to prevent acute and chronic GVHD without negative effects on the graft versus leukemia response 4 . More recently, a number of groups have reported that co-transfer of expanded Tregs from umbilical cord samples 5 or
from peripheral blood appears to be both safe 6 and in one study remarkably effective in preventing acute GVHD following stem cell transplantation 7 .
Although considerable enthusiasm has been generated for adoptive Treg therapy, several major issues remain to be resolved. First, most clinical applications of Treg therapy will require large numbers of cells and optimal methods for Treg expansion are now being explored. Expansion of highly purified populations of human Tregs also frequently results in loss of Foxp3 expression during the expansion process. Secondly, in contrast to studies in the mouse, Foxp3 expression can be readily induced during in vitro stimulation of conventional human T cells 8 
. T cells induced in vitro to express Foxp3
frequently lack a Treg phenotype, continue to make effector cytokines and lack in vitro suppressive function 8 . Thus, expression of Foxp3 cannot be considered a completely reliable marker for functional human Tregs.
A number of approaches have been used to address these problems. Combined use of several surface markers (CD127 lo and CD25 hi ) has facilitated isolation of more highly enriched populations of Foxp3 + T cells with less contamination by CD25 int activated T cells 9 . Addition of inhibitors of the mTOR pathway, such as rapamycin, block the expansion of contaminating conventional T cells and favor the expansion of Tregs,
For personal use only. on August 31, 2017. by guest www.bloodjournal.org From but purity greater than 60% is rarely achieved after several rounds of expansion depending on the starting population 10 . CD4 + CD25 + CD45RA + Foxp3 + T cells, although a minor subpopulation (5-30%) of the Foxp3 + pool in adults, appear to have a greater propensity to expand in culture and have enhanced stability of Foxp3 expression compared to CD4 + CD25 + CD45RO + Foxp3 + T cells 11 .
Foxp3 + Tregs can be divided into two potentially distinct subpopulations. One population is generated in the thymus and has been termed natural (n)Tregs. A second population is generated extrathymically in peripheral sites and has been termed induced (i) Tregs or adaptive Treg. We have recently 12 demonstrated that the transcription factor, Helios, a member of the Ikaros gene superfamily, is expressed in 70% of both mouse and human Foxp3 + T cells. Foxp3 + Helios -T cells are primarily iTregs as Foxp3 + T cells induced in vitro are Helios -, and Foxp3 + T cells induced in vivo in response to oral antigen administration, antigen administered i.v., or T cells activated in response to lymphopenia are almost exclusively Helios -.
Here, we further characterize the Foxp3 + Helios + and Foxp3 + Helios -Treg subpopulations in terms of epigenetic changes at the Foxp3 locus, their capacity to produce effector cytokines, and stability of Foxp3 expression during days to weeks of expansion in vitro. We demonstrate that addition of a 25mer DNA oligonucleotide of random composition for a short period during the initial expansion of Foxp3 + Tregs results in prolonged stabilization of the Foxp3 + Helios + subpopulation. Taken together, our results suggest that Foxp3 + Helios + Tregs represent the optimal subpopulation for cellular biotherapy in man and that addition of DNA oligonucleotides during expansion cultures will facilitate expansion of this potent and more stable subpopulation.
Methods

Cytokines and antibodies
For personal use only. on August 31, 2017. by guest www.bloodjournal.org From Recombinant human IL-2 and recombinant mouse TGFβ were purchased from Peprotech. Viability Fluorescence Dye was purchased from eBioscience, Inc. Anti-human CD28 antibody (clone 28.2) was also purchased from eBioscience, Inc. and anti-human CD3ε antibody (clone 64.1) was grown and purified in house. Anti-CD3/anti-CD28 coated stimulating and expander beads were purchased from Invitrogen.
Isolation, stimulation, and expansion of human regulatory T cells
Human PBMCs were prepared from 20-80 year-old healthy male donors by Department of Transfusion Medicine at National Institutes of Health. The acquisition of blood products was approved according to the International Review Board and in accordance with the Declaration of Helsinki. CD4 + CD25 hi CD127 -Tregs were isolated by cell sorting on a FACSAria. Sorted Treg (0.2X10 6 ) were re-suspended in complete RPMI-1640 supplemented with 10% heat-inactivated fetal calf serum, and stimulated in plates coated with anti-CD3ε (10 μ g/ml) and anti-CD28 (2 μ g/ml) in the presence of IL-2 (150 U/ml) for 5-6 days. Stimulated cells were washed in RPMI 1640-10 media twice and expanded in complete RPMI 1640-10 with recombinant IL-2 (150 U/ml) for 5-10 days in the presence of Treg-expander magnetic beads (Cell:Bead=4:1). To evaluate the purity of sorted Tregs, cells were stained with anti-Foxp3 and anti-Helios (Biolegend) in Foxp3staining buffer (eBioscience). All flow cytometry was performed on a FACS LSRII (Becton Dickinson) and analyzed with FlowJo software (TreeStar).
Measurement of cytokine production
Stimulated or rested cells were re-stimulated with PMA (12-O-Tetradecanoylphorbol-13acetate, 50 ng/ml) and Ionomycin (1 μ g/ml) for 4 hours in the presence of Golgistop (0.75 μ l/ml) at 37 o C. The cells were fixed, permeabilized, and stained for Foxp3 and Helios expression, as well as IL-2-FITC, IFNγ-PECy7, and IL17A-APC. All the antibodies were purchased from eBioscience.
DNA methylation analysis of the TSDR in freshly isolated and fixed Tregs
Freshly isolated or in vitro expanded Tregs were harvested, and washed twice in PBS.
Extraction of genomic DNA was performed with DNeasy Blood&Tissue Kit (Qiagen). 
In vitro suppression assay
The protocol was previously described 12 
Quantitative PCR of endosomal TLRs
Conventional and Tregs were prepared by FACS-sorting. Taqman primers sets of endosomal TLRs were purchased from Applied Biosystems.
For personal use only. on August 31, 2017. by guest www.bloodjournal.org From
Statistical Analysis
The paired Student t test was used for comparison of group values.
Results
CD4 + Foxp3 + Helios + Tregs are stable, do not produce inflammatory cytokines, and possess a demethylated TSDR
We initially evaluated the possibility that the instability might be related to the different properties of the Helios + and Heliossubpopulations. One epigenetic marker that has been used to distinguish nTreg from iTreg is the methylation status of the Treg specific demethylation region (TSDR) of the Foxp3 gene 13 . Demethylation of the TSDR region correlates with the thymic origin of Foxp3 + T cells and stable expression of Foxp3, while T cells induced to express Foxp3 in vitro have a fully methylated TSDR region and lose expression of Foxp3 in vivo or in vitro. To determine if a correlation exists between Helios expression and TSDR methylation status, we isolated four different CD4 + subsets (Foxp3 + Helios + , Foxp3 + Helios -, Foxp3 -Helios + , and Foxp3 -Helios -) by FACS sorting fixed, freshly isolated human CD4 + T cells ( Figure 1A ) and analyzed the methylation of the TSDR in each subpopulation. As expected, Foxp3 -T cells expressed a fully methylated TSDR regardless of Helios expression ( Figure 1A ). In contrast, Foxp3 + Helios + cells were fully demethylated in all donors, while the TSDR region of the Fox3 + Heliossubset was ~45% methylated. One interpretation of these results is that the Foxp3 + Heliossubpopulation is composed of two subpopulations, one of which expresses a fully methylated TSDR that can potentially lose Foxp3 expression upon in vitro expansion, while the second likely represents a population with greater stability of Foxp3 expression.
As another approach, we measured effector cytokine production by the expanded cells. We had previously demonstrated that a low percentage (1-5%) of freshly explanted Foxp3 + T cells produced effector cytokines (IL-2, IFNγ) and that almost all the cytokine For personal use only. on August 31, 2017. by guest www.bloodjournal.org From producing cells were in the Foxp3 + Heliossubpopulation 14 . We sorted CD4 + CD25 + T cells from normal donors and stimulated the cells for a total of 11 days with plate-bound anti-CD3 and anti-CD28 in the presence of IL-2. While ~90% (data not shown) of the starting population was Foxp3 + , after 12 days of expansion only ~50% of the cells remained Foxp3 + ( Figure 1B) . Upon re-stimulation in vitro with PMA/ionomyin, 5-20% of the expanded Foxp3 + Heliossubpopulation produced IL-2 IL-17A, or IFNγ, while the frequency of cytokine producers remained low in the Foxp3 + Helios + subpopulation ( Figure 1B) . These experiments suggest that one of the major factors that control the maintenance of Foxp3 expressing Tregs upon expansion in vitro is the heterogeneity of the starting population. The Foxp3 + Heliossubpopulation appears to contain a high percentage of Tregs with methylated TSDRs that have the potential for loss of expression of Foxp3. This same subpopulation also contains a high percentage of effector cytokine producing cells that would not be ideal for cellular immunotherapy.
The addition of CpG ODN results in enhanced maintenance of Foxp3 + Helios + cells during in vitro expansion
One goal of these studies was to identify a cytokine or small molecule that would facilitate the preferential expansion of the Foxp3 + Helios + subpopulation of Tregs. We initially selected two potential candidates, TGFβ and the TLR9 agonist CpG oligodeoxynucleotide (ODN). TGFβ can induce Foxp3 expression in human T cells and some studies have suggested that it can potentiate maintenance of Foxp3 expression.
Some studies have claimed that engagement of certain TLRs reverses Treg-mediated suppression by reducing Foxp3 expression 14 , but others have claimed that it leads to greater viability of Foxp3 + Tregs without loss of Foxp3 expression 15 . We could readily demonstrate that human Treg expressed TLR9, but in contrast to other studies 16 , we could not detect TLR8 or TLR7 expression ( Figure S1 ). When sorted CD4 + CD25 hi CD4 + T cells were expanded in the presence of TGFβ and the TLR9 agonist for 5 days, the For personal use only. on August 31, 2017. by guest www.bloodjournal.org From frequency of the Foxp3 + Helios + positive cells was higher than cells expanded in the absence of TGFβ and the ODN (Data not shown). Interestingly, when the 5-day expanded cells were washed, and re-stimulated for an additional 7 days in the absence of TGFβ and CpG ODN, the cells initially exposed to TGFβ/ODN maintained a high frequency of Foxp3 + Helios + cells, while the cells initially expanded in the absence of TGFβ/ODN had a markedly decreased percentage of the Foxp3 + Helios + cells. The CpG ODN was the major factor involved in stabilization of the Foxp3 + Helios + population, as cells expanded in the presence of TGFβ alone had only a modest increase in Foxp3 + Helios + cells, while cells expanded with the ODN alone resembled the population treated with the combination of TGFβ/ODN (Figure 2A , B).
To determine the longevity of the effects of the ODN on maintenance of the Foxp3 + Helios + cells, sorted CD4 + CD25 hi cells were expanded in the presence or absence of the ODN for 5 days, washed, and re-stimulated for an additional 6 or 19 days. Marked enhancement of the frequency of the Foxp3 + Helios + cells was observed after 12 days in culture and the enhancement was still prominent after a total of 25 days in culture even though some decrease in the frequency of the Foxp3 + Helios + cells was observed in the cells initially exposed to the ODN ( Figure S2 ). It should also be noted that continuous presence of the ODN for the entire 12 days of expansion resulted in a modest increase (75.3% vs 63.7%) in the frequency of Foxp3 + Helios + cells compared to cells that had just been treated for the initial 5 days ( Figure 2C ). Interestingly, when cells that had been previously expanded for 5 days in the absence of the ODN, were re-stimulated for 7 additional days in the presence of the ODN, stabilization (38.1% vs 22.2%) of the frequency of Foxp3 + Helios + cells was observed ( Figure 2C ). Thus, the ODN can also exert a stabilizing effect on Foxp3 + Helios + cells that had been previously stimulated in the absence of the ODN. Figure 3A ).
The cell populations expanded for 2 weeks in the presence of the ODN were restimulated for 4 hours with PMA/ionomycin and cytokine production on gated Foxp3 + Helios + and Foxp3 + Heliospopulations was measured. Foxp3 + Helios + Tregs expanded in the presence of the ODN produced low to undetectable levels of IL-2,
IFNγ, or IL-17, while Foxp3 + Helioscells produced significant levels of all three cytokines ( Figure 3B ). Lastly, the population of Foxp3 + T cells that had been expanded in the presence of the ODN, which contained a high percentage of Foxp3 + Helios + T cells, exhibited greater suppressive activity in a standard in vitro suppression assay ( Figure 3C ) than cells that had been expanded in the absence of the ODN. Taken together, these studies demonstrate that the Foxp3 + Helios + cells that had been expanded in the presence of the ODN retain all the properties of fully functional Tregs.
CpG ODN stabilizes Foxp3 and Helios expression in all Treg subsets
The co-expression of CD25 and low levels of CD127 has been used to distinguish CD25 + Foxp3 + from CD25 + Foxp3 -Teff cells 10 . In order to determine the relationship between Foxp3/Helios expression and the level of expression of CD127, we sorted freshly isolated CD4 + T cells into three different subsets based on expression of CD25 and CD127 and analyzed the relative expression of Foxp3 and Helios ( Figure 4A ). Most CD127 hi CD25 int cells did not express either Foxp3 or Helios. Both CD127 low CD25 hi and CD127 low CD25 int contained a high percentage of Foxp3 + Helios + T cells. We sorted these 1 1 three subpopulations and expanded them in the presence or absence of the CpG ODN ( Figure 4B ). The ODN had minimal effects on the composition of the CD127 hi CD25 int cells except for a slight increase in the Foxp3 + Heliossubset (11.3% to 21.7%, left two panels in Figure 4B ). Addition of the ODN to the expansion of the CD127 low CD25 hi cells enhanced the recovery of Foxp3 + Helios + cells (68.2% vs 89%) on day 5 and this enhancement was maintained for an additional 7 days of culture in the absence of the ODN. The most interesting results were observed with the CD127 low CD25 int cells which rapidly lost Foxp3 + Helios + cells (73% to 22.7%) during the initial 5 days of expansion, but retained Foxp3 + Helios + cells when expanded in the presence of the ODN (73% to 71%) and maintained this frequency of Foxp3 + Helios + cells after a further 7 days expansion in the absence of the ODN. These results suggest that the subpopulation of Foxp3 + Helios + cells that express lower levels of CD25 are much less stable than those that express higher levels of CD25, but that expansion in the presence of the ODN exerts a major effect on Foxp3/Helios stabilization in this subpopulation.
In addition to the use of the levels of CD127 expression to isolate Foxp3 + Treg cells, co-expression of CD25 and CD45RA has defined a subpopulation of Foxp3 + T cells that are regarded as naïve 11 , exhibit more stable Foxp3 expression on expansion in vitro 17 , and express fully demethylated TSDRs 18 . We sorted CD45RA + and CD45RAcells from CD4 + CD25 + CD127 low peripheral CD4 + T cells and found that Helios expression was the same in both RA + and RApopulations ( Figure 4C ). The groups were then stimulated in the presence or absence of CpG ODN for 6 days, washed, and expanded in the absence of the ODN for an additional 7 days ( Figure 4D , E). After 6 days of stimulation without ODN, 94% of CD25 + CD45RA + cells remained Foxp3 + , whereas CD25 + CD45RAsubpopulation began to lose Foxp3 expression (98% to 77.6%). The frequency of 
CpG ODN directly stabilize Helios-expressing Foxp3 + cells and do not inhibit the proliferation of Foxp + Heliosor Foxp3 -Helioscells
Our studies thus far have demonstrated that expansion of Foxp3 + Treg in the presence of the CpG ODN results in an enhanced frequency of Foxp3 + Helios + T cells. However, we have not directly demonstrated that this enhancement is the result of a direct effect of the ODN on existing Foxp3 + Helios + cells or a suppressive effect on the expansion of Foxp3 + Heliosor Foxp3 -Helioscells that are also present in the starting populations. To address this issue, we prepared a starting population that contained 50% Foxp3 + Helios + cells rather than the higher percentages used in the other studies ( Figure 5A ). Under these conditions we could directly observe the differential effects of the ODN on Helios + and Helioscells. We labeled the mixture with CFSE and stimulated the cells for 6 days in the presence or absence of the ODN. Stabilization of the Foxp3 + Helios + cells was seen after expansion in the presence of the ODN (Figure 5A , 30% vs. 11.1%). Addition of the CpG ODN slightly suppressed the proliferation of all three subsets (Foxp3 + Helios + , Foxp3 + Helios -, and Foxp3 -Helios -) ( Figure 5A , histograms on right side). As there was no significant difference in proliferation between the Foxp3 + and the Foxp3populations in the presence of absence of the ODN (Figure 5B ), the enhanced frequency of the Foxp3 + Helios + subset in the ODN treated group is consistent with a direct stabilizing effect of the ODN on this subpopulation.
As all of the studies above used 22-24mer ODNs, it was of interest to determine the optimal size of the ODN on stabilization of Foxp3 + Helios + cells by comparing the For personal use only. on August 31, 2017. by guest www.bloodjournal.org From activity of ODNs ranging from 10mer to 100mer ( Figure 5C ). The 10mer had no activity when compared to the untreated cells, while the 50mer and 100mer increased the frequency of the Foxp3 + Helios + cells after 5 days of culture, but were also moderately toxic as their use resulted in a decreased cell yield. Optimal results were obtained with the 25mer ODN including stabilization of the frequency of Foxp3 + Helios + cells and an increase in the absolute number of recovered Foxp3 + Helios + cells after 12 days of expansion. Although the ODN do exert a slightly negative effect on cell proliferation as measured by CFSE dilution (Figure 5A) , the presence of the ODN is only required during the initial 5 days of culture. Following removal of the ODN, the treated cells expand at a rate slightly greater than the controls resulting in a higher yield of cells on day 12 ( Figure   5C ).
ODN stabilizes Helios-expressing Foxp3 + cells via a cytosomal universal DNA sensor, not via an endosomal TLR.
We have thus far assumed that the CpG ODN used in our studies was mediating its effects on stabilization of Foxp3 + Helios + T cells by acting via TLR9 which is expressed in Foxp3 + human Tregs ( Figure S1) . Surprisingly, expansion of Tregs in the presence of both the TLR9 agonist and a TLR9 antagonist (ODN TTAGGG) resulted in stabilization of the Foxp3 + Helios + subset ( Figure 6A ). When both the CpG ODN and the TLR9 antagonist were simultaneously added to the expansion cultures, reversal of the stabilization of the Foxp3 + Helios + subset was not observed (data are not shown).
Although we could not detect TLR8 or TLR7 expression in Tregs by RT-PCR, we compared the effects of a TLR8 agonist (ssRNA40) and a TLR7 agonist (CL264) with the TLR9 agonist. Neither the TLR8 nor the TLR7 agonists had any effect on the stabilization of Foxp3 + Helios + T cells, while the CpG ODN enhanced the frequency of this subset as noted in our other studies ( Figure 6B ). Thus, it is unlikely that that CpG For personal use only. on August 31, 2017. by guest www.bloodjournal.org From ODN-mediated stabilization of Foxp3 + Helios + cells is mediated by TLR signaling pathway and that another nucleotide-recognizing sensor is involved in this stabilization.
We next determined the optimal order or motif of the ODN sequence needed to stabilize Foxp3 + Helios + Treg. The TTA sequence from ODN TTAGGG was substituted with randomly selected nucleotides (NNN) and then tested for its effect on the stability of Tregs ( Figure 6C ). ODN NNNGGG behaved in identical fashion to ODN TTAGGG.
Moreover, a completely randomized ODN (ODN NNNNNN) also efficiently stabilized Foxp3 + Helios + cells. As the ODN appears to be sensed in a non-sequence-specific manner, we examined whether the composition of nucleotide base plays any role stabilization. Excluding A, T, G, or C from the random synthesized ODN did not diminish the stabilizing effect (data not shown). In contrast to phosphorothioate ODN (ODNps), phosphodiester ODN (ODNpe) failed to stabilize Foxp3 + Helios + Tregs even when the ODNpe was added every 24 hours during the 5-day expansion culture ( Figure   6D ).
To address cellular localization of the purported ODN sensor, we synthesized a Figure S3 ).
Discussion
Most studies designed to optimize Treg expansion in vitro have focused on obtaining the greatest expansion of the Tregs of the highest purity in terms of Foxp3 expression.
Although the highest degree of purity may be achieved with a starting population of Tregs purified by FACS, cell sorting has not as yet been used for preparation of Tregs under good manufacturing practice conditions, so the starting preparations have used Tregs purified based on high expression of CD25 and low expression of CD127 using magnetic bead separation techniques such as the CliniMACS 19, 20 . After 3 weeks of expansion in vitro, only 60-70% of bead-purified Tregs retain expression of Foxp3 20 . It has been difficult to distinguish whether this reduction is secondary to loss of Foxp3 by cells that were initially Foxp3 + or by overgrowth of Foxp3 -T cells that contaminated the starting samples.
We reported that expression of the transcription factor, Helios, is a marker of thymus-derived nTregs 12 , while Foxp3 + Helios -T cells are likely to be iTregs. We have characterized several properties of the Helios + and Helios -Foxp3 subpopulations. First, Foxp3 + Helios + Tregs cells have completely demethylated TSDR regions of the Foxp3 locus, while the Foxp3 + Helioscell populations are only 50% demethylated. This result is most consistent with heterogeneity in the Helios -Treg population that is likely related to decreased stability of Foxp3 expression in vivo and in vitro 15 . Secondly, a higher percentage of effector cytokine producing Foxp3 + T cells are present in the Heliossubset and the frequency of effector cytokine producing cells in this subset is increased (~10fold) following expansion in vitro. IFNγ−producing Foxp3 + Tregs have also been shown to have methylated TSDRs and to be Heliosin patients with type I diabetes 21 
. It is likely
For personal use only. on August 31, 2017. by guest www.bloodjournal.org From that the Helios + represents a much more stable population that is less likely to convert to a Teff cell during the course of an inflammatory response in vivo.
The goal of the present studies was to develop conditions for the selective expansion of the Foxp3 + Helios + subset in vitro for potential use in cellular therapy studies.
We initially examined the effects of TGFβ and an ODN TLR9 agonist on the expansion of Foxp3 + T cells in vitro. The ODN TLR9 agonist enhanced the frequency of the Foxp3 + Helios + T cells in the expanded population. Interestingly, the effects of the ODN were observed after a 5 days of exposure, but were also maintained for as long as an additional 16 days after the cells were washed and further expanded in the absence of the ODN. The effects of the ODN were not mediated indirectly by inducing the death of the Foxp3 + Helioscells (data not shown) or by modifying the rates of proliferation of either Foxp3 + Helios + or Foxp3 + Heliossubsets, but rather by a direct effect on the Foxp3 + Helios + population resulting in stabilization of Foxp3 expression. The ODN effects were also observed when we expanded CD4 + CD25 + CD45RA + T cells, a Treg subpopulation that has been shown to be more stable upon expansion in vitro 18 and greater proliferative capacity than the CD4 + CD25 + CD45RO + subset.
Although the effects of the ODN were observed when culturing highly enriched cell sorter purified CD4 + CD25 hi CD127 low Foxp3 + T cells, the ODN stabilized Foxp3/Helios expression in Tregs purified by magnetic beads that contained a lower percentage of Foxp3 + T cells in the starting population and also stabilized Foxp3/Helios expression in sorted CD4 + CD25 int cells that contained as few as 70% Foxp3 + cells. The stabilizing effects of the ODN were very consistent using cells isolated from buffy coats from multiple donors over a broad age range ( Figure 2B ). Some degree of stabilization of Foxp3/Helios was even observed in cell populations that had first been expanded in the absence of the ODN and had lost considerable expression of Foxp3/Helios. These results strongly suggest that the ODN may potentiate the stabilization of Foxp3/Helios in Tregs cells selected by less stringent techniques than cell sorting and allow a greater yield of For personal use only. on August 31, 2017. by guest www.bloodjournal.org From Tregs by starting with a larger population of cells. A number of other approaches have been used to stabilize Foxp3 expression in Treg expansion cultures including rapamycin 10 , retinoic acid 22 or immunosuppressive cytokines (IL-10, TGFβ). Although some of these studies appear promising, particularly when using flow sort-purified Tregs, bead-purified Tregs expanded for multiple rounds even in the presence of rapamycin had reduced percentages of Foxp3 + T cells 22 . In preliminary studies, we have compared the effects of rapamycin with the ODN in the stabilization of Foxp3 and Helios expression. While stimulation in the presence of rapamycin resulted in enhancement of the total percentage of Foxp3 + cells, only stimulation in the presence of the ODN led to stabilization of the Foxp3 + Helios + population ( Figure S4 ).
We initiated these studies with an ODN that was well characterized as a TLR9
agonist, but a TLR antagonist was as effective, if not more effective, at stabilizing Foxp3/Helios expression. Moreover, any random sequence ODN was also capable of stabilizing Foxp3/Helios expression and the absence of any single nucleotide (adenine, guanine, cytidine, thymine) did not diminish the stabilizing activity. The optimal size of the ODN was a 25mer, as a 10mer was ineffective and longer ODNs appeared to have negative effects on the viability of Tregs in the expansion cultures. We could not detect the intracellular presence of an ODN with a phosphodiester backbone or a short length ODN with a phosphothioate backbone ( Figure S5 ) after 18 hours of incubation. A poly RNA ODN also failed to stabilize Foxp3 expression. Thus, it does not appear that the ODNs function through any known TLR.
At present, we have very little information on the cellular target of ODN action.
By immunostaining using a Biotin-labeled ODN and confocal microscopy, we could demonstrate that the ODN appeared to be localized to cytoplasmic vesicles rather than the nucleus, which is consistent with earlier studies demonstrating that phosphorothioate-backboned ODN is taken up by cells via receptor-mediated endocytosis and then localized in endosomes and lysosomes 23 . However, it is also possible that an Data shown is the one of 4 independent experiments from different donors. 
